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During  the  closing  phases  of  World  War  II,  it  was 
reported  that  German  scientists  had  been  working  on  an  automatic 
device  for  alerting  personnel,  such  as  pilots,  when  they  v/ere  in 
a  dangerous  condition  of  drowsiness  or  fatigue.  The  physiologist 
Kornmuller,  it  \.'as  further  stated,  had  developed  a  oortable,  light 
.  wei?ght  device  for  using  brain-waves  as  a  physiological  indicator  o 
the  alertness  condition  of  the  subject,  oarticularly  the  slowing  c 
alpha  frecuency  which  occurs  when  the  subject  is  drowsy.  The 
practical  device  was  so  constructed  that  an  alarm  or  alerting  sigr. 
would  be  turned  on  by  the  change  in  freouency  of  alpha  and,  T  pre¬ 
sume,  would  be  turned  off  when  the  alpha  rhythm  returned  to  its 
normal  frecuency  of  around  10  cycle. 5/sec. 

This  report  was  of  sufficient  interest  to  the-  -pedal 


Devices  Center,  Office  of  faval  Research,  that  a  contract  was 
established  with  the  Department  of  '’sychology.  Tufts  College  1,0 
investigate  the  feasibility  of  this  idea.  Jeveral  years  were 
devoted  to  the  study  of  ways  of  warning  oersonnel  of  iir.rrnding 
unaiertness.  This  paper  will  attempt  to  evaluate  the  accomolioh- 
ments  of  the  project  and  will  deal  with  the  orobl^^ro  of  personnel 
alertness  from  a  practical  point  of  view. 


The  first  phase  of  the  project  was  a  laboratory 
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Using  a  4-channel  lEG  apparatus,  in  which  recordings  of  the  ^Ipha 


rhythm  were  ootainea  from  an  unsclected  sample  of  people  in  a 
monotonous  vigilance  situation.  Two  facts  emerged  from  these 
observations:  {1)  the  range  of  individual  differences  in  the 
amount  and  frecuency  of  the  eyes-open  alpha  rhythm  in  a  group  of 
normal  people,  was  euite  remarkable  and  seemed  to  be  relatively 
indeopndent  of  alertness.  Come  evidence  of  slov'ing  of  frequency 
was  found  in  some  people  but  the  conditions  favorable  for  this 
ohenomenon  to  occur  appeared  to  be  well  beyond  the  initial  phases 
of  drowsiness  in  which  we  wore  Interested;  (2)  some  normal  people 
do  net  exhibit  an  alpha  rhythm. 

Cur  troubles  with  the  alpha  rhythm,  indicated  above, 
wer*^  responsible  for  a  shift  of  physiological  indicator.  I'/e  next 
'^x'^lored  the  oossibility  of  using  muscle  action  potentials,  accord* 
ing  to  the  method  of  Jacobson  and  others. 

Cur  first  observations  were  made  using  the  biceps  and 
triceps  for  <"lectrode  olacements.  Here  again  we  drew  a  blank 
because  vre  were  unable  to  record  "tonus”  of  the  muscle  with  surface 
electrodes,  ((no  of  the  characteristics,  we  thought,  of  a  practical 
device  v"  s  t!  t  it  rhould  not  reruire  needle  electrodes!)  Various 
other  olec^ments  on  the  large  anti-gravity  muscles  of  the  body 
were  tried,  again  without  success.  The  large  muscles  of  the  body 
aopear  to  b'  ’’silent"  to  surface  «-lectrodes  unless  they  are  involved 
in  an  activ~  contraction. 


'n  ■''V’^lorinr  other  nossibl-  electrode  placements,  our 
fir  *  ^  'c-r-'  crr.e  ’  '  '  e  ng  two  electrodes  on  the  pinna.  From 

this  soot  wu  obt-iin*'!  a  sot  of  r.uscle  soikes  that  exhibited 


continuous  variation  in  activity  and,  v.'hen  the  amount  of  activity 
was  related  to  periods  of  unalertness  on  the  monotonous  vigilance 
task,  there  seemed  to  be  some  correlation  between  fluctuations  of 
muscle  spikes  (primarily  in  amplitude)  and  fluctuations  in  readiness 
to  respond  to  an  unexpected  signal  as  measured  by  reaction  time. 

We  later  found  that  we  could  obtain  a  similar  continuous  nhysio- 
logical  Indicator  by  nlacing  electrodes  of  snonge  rubber  on  the 
forehead  just  above  the  supraorbital  ridges.  The  electrodes  were 
held  in  dace  by  an  elastic  head-band  and  could  be  worn  comfort¬ 
ably  by  the  subject  for  several  hcuirr.  Low  resistance  contact  v;ar 
maintained  with  the  skin  by  soaking  the  sponge  rubber  electrodes 
in  saline  solution. 

From  this  noint,  exoerimentation  on  th.e  usefulness  of 
the  muscle  spike  indicator  of  alertness  became  possibl' .  .'ince 
we  were  interested  in  obtaining  a  continuous  DC  measure  of  the 
subjects*  level  of  electrical  activity,  the  ^Ic-ctrodynr  Co,  of 
Boston,  Kassachusetts  developed  for  us  an  irit^^grator,  v/hlch  trans¬ 
lated  muscle  sdke  activity  electronically  into  a  moving  av‘^rag*= 

BC  level  over  the  past  second.  Thus  it  became  oossible  to  measur*^ 
the  activity  in  terms  of  average  integrated  microvolts.  This  is 
a  kind  cf  statistical  smoothing  circuit.  This  same  device-  also 
contained  a  sensitive  relay  circuit,  with  an  adjustable  t’r.reshol', 
such  that  an  alarm  or  a  stimulus  could  be  activated  when  tl  e 
subjects*  activity  dropped  below  n  given  level.  Thus,  it  was 
possible  to  present  a  stimulus  automatically  for  the  measurement 
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of  reaction  time  at  any  desired  level  of  tension  of  the  subject. 

If  the  subjects*  t'^nsion  level  dropped  below  the  thres¬ 
hold,  the  stimulus  would  come  on  and  stay  on  until  the  relay  was 
opened  again  by  increas*^  in  tension  level  of  the  subject*  >’e  had 
then,  the  possibility  of  an  automatic  electronic  monitor,  dlido  I 
shows  some  of  the  rcuinment  involv-d,  which,  J  should  emphasize, 
was  laboratory  equipment  and  hence  bulky  and  heavy,  Jlide  II 
shows  the  kin?;  of  results  obtained  in  an  exnerieaent  in  which  the 
task  was  a  continuous  steering  task  on  a  target  which  was  being 
driven  off  center  by  a  cam.  The  orimary  job  of  the  subject  was  to 
k‘ ep  the  target  center  d  v/itb  a  joy  stick,  -ubjects  were  required 
to  operate  for  o-'-^iods  of  hours.  The  data  in  ."lide  II  were 
collected  from  an  nux-'lliary  task  in  the  experimental  situation. 

A  red  jowel,  ’.'arnlnr  light  was  placed  in  the  opriohery.  It  came  on 
whenever  the  subjects*  tension  level  dropped  to  the  threshold  of 
the  Alertness  Indicator,  'lide  II,  then,  contains  distributions 
of  reaction  times  to  the  appearance  of  the  red  jewel  light.  ?hc 
subj‘ ct  v-iS  instruct? d  to  respond  as  rapidly  as  he  could  with  a 
foot-kt  y  soon  as  ho  noticed  the  red  light.  This  was  not  an 
elegant  experiment  on  reaction  time,  but  it  served  our  purpose  in 
providing  a  crit-'^rion  measure  and  an  operational  definiticn  of 
alertness  in  that  situation.  If  the  subject  vras  slov:  in  respond¬ 
ing  to  the  unexpected  u'riphpral  stimulus,  we  could  argue  that  his 
general  level  of  awareness  was  not  as  high  as  when  he  gave  short 
reaction  times  to  the  same  stimulus.  Actually,  these  data  do  not 
provide  us  with  an  uneeuivocal  answer  to  the  cuest ion,  "Does  muscle 
snlkr  actlvitv  orovide  a  useful  measure  of  alertness”?  As  usual. 


it,  dfrenr.F,  If  vour  poll  Is  to  varn  tl.P  rubj’pct  whon  r  is  coniition 
is  S’jch  as  to  nak;  his  rc-iction  times  only  slightly  drlnyei,  th'^  n 
the  Alortn'^sp  Indicator  will  the  subject  rnany  times  when  h»“- 

is  oerfcctly  all  right.  This  is  due  to  the  fact  that  there  is  a 
great  deal  of  second-tn-second  variability  in  th^-  muscle  spike  out- 
out.  If,  howev^'r,  you  on3.y  \-’ant  to  warn  the  subject  v/hen  his  condi¬ 
tion  is  such  as  to  produce  very  slow  reaction  times,  then  the  picture 
is  considerably  better.  A  oarticular  threshold  It v* 1  on  the  Al  rtnes 
Indicator  will  rredict  the  long  r’-action-t  Imes  and  no  re  S’'or.5r5  fairl 
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rhe  Individual  nolyrrirh  records  cJ 


acr.  subject  t*"ll 


this  storv  rathe"  bett^'r  than  anv  statistical  analysis,  '..h  ran 
one  subject  on  "unday  mornings  for  several  months  just  before  he 
went  to  bed  after  working  all  ;‘ay  aturday  and  all  Saturday  nig:  t 
at  the  airport  ris  a  meteorologist.  These  r-'cerds  nrovid*^-  an  int-r- 
esting  sumiTiary  of  the  temporal  fluctuation  of  .'slertness  during  :: 
rKonotonous  job  under  conditioPsS  of  sleep  deprivation.  For  a  few 
minutes  after  start inr  th‘='  iob,  his  tension  l,vel  would  be  steadv 
and  work  would  be  accurate,  r-action  time  short.  Then  the  tension 
level  would  start  to  fluctuat- ,  initially  for  very  brief  neriodc 


like  a  second,  the  tension  l^vel  would  dr? 


?^p  and  return  to  normal 


or  go  higher  than  normal,  nr.idually,  a  slow  oscillation  of  tonsio! 
level  would  start  and  eventually  the  red  light  would  go  on.  For 
awhile  after  the  alerting  stimulus,  the  tension  level  would  be 


maintained  and  then  t:  e  oscillation  would  start  again. 


the  later  stag's  of  the  session,  it  was  auite  usual  for  this  subje 
to  rf outre  an  additional  alerting  stimulus.  Ve  had  to  introduce  a 


raucous  buzzor  into  the  situation,  as  indteated  in  Siids 
Cccasionally,  none  of  these  stimuli  would  bring  him  out  of  the 
arms  of  Kornheus  and  the  experimenter  had  to  enter  the  rocmn  iukT  .  j 
shake  him.  These  same  slov;  oscillations  are  present  in  the  outpUh 
of  subjects  without  sleep  deficit  but  they  occur  less  regularly^4|i^ 
the  amDlitude  of  the  oscillation  is  smaller.  Some  subjects  wouili/  y 


go  through  a  2-3  hour  session  without  a  serious  drop  in  tension  -T 
level,  ethers  would  start  oscillating  almost  immediately  after 
th^^  start.  The  phenomenon  of  oscillation,  incidentally,  is  probably 
responsible  for  the  fact  that  decrement  in  performance  is  hard  to 
find  if  the  testing  is  done  by  sampling  a  continuous  performance. 
~'he  subjf’Ct  can  muster  his  resources  for  a  test  period  quite  well, 
as  other  studies  have  shovfn,  but  he  may  "coast”  between  the  test 
periods  unless  he  is  monitored  continuously.  In  order  to  get  the 
oscillation  described  above,  the  test  situation  must  be  monotonous, 
as  r.acbworth  has  demonstrated.  Anything  that  happens  to  break  the 
monotony  will  result  in  a  maintained  output  for  a  while  thereafter. 

'ith  the  foregoing  as  an  introduction,  let  me  now  proceed 
to  the  title  of  this  talk,  namely,  some  practical  problems  of  the 
Alertness  In<^icator.  There  are  a  great  many,  but  I  shall  not  burden 
you  with  all  of  them. 

=Ae  touched  on  the  first  problem  earlier  in  describiiig 
the  previous  work  as  a  laboratory  investigation.  Alertness  is  a 
’^roble.p  in  laboratory  certainly  but  cur  interest  and  the  inter¬ 
est  of  the  pedal  Devices  Center  was  in  the  prediction  and  control 
of  alertness  status  out  in  real  life  —  in  aircraft,  vehicles  and 
on  board  shin  where  alertness  may  mean  the  difference  between  life  . 
and  death.  The  first  oractioal  problem,  then,  was  to  obtain^m  JtjS 
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aev^ce  wnicn  wouxa  aupxicatu  tn«  x  urici/xonjiag  oi  wnc  i«uuj  auui  y 

fqui^aent  but  would  be  small,  light,  easy  to  adjust,  simple  to 
operate  and,  finally,  would  require  the  minimum  of  maintenance. 

We  have  been  working  on  this  problem  off  and  on  since  19t^.  The 
fiiectrbdyne  Co*  has  produced  two  different  models,  which  satisfy 
ipany  of  the  requirements,  but  not  all*  Robert  Hennessey,  in  the 
^^fts  -Laboratory  has  constructed  an  improved  version  which  is  cur 
^pehtiy  under  test. 

The  first  problem  encountered  outside  the  laboratory  is 
P^ck-up  from  AC  lines  and  other  sources.  The  use  of  a  balanced 
'input,  which  amplifies  only  out-of-phase  signals,  will  cut  down 
on  this  limitation  considerably.  Residual  AO  may  be  balanced  out 
in; any  particular  location  by  putting  a  scope  on  the  input.  The 
;secOhd  problem  is  the  noise  level  of  the  amplification  system  its 
%.0|iQisy  tube  will  make  it  difficult  to  discriminate  the  levels  of 
thejsubjects*  output,  since  the  output  is  near  the  noise  levr^l  of 
ia%iy  amplify  systems,  particularly  those  on  which  there  are 

Irestrictlohs  as  to  size  and  weight. 

"  Another  set  of  problpms  arise  when  the  reouirement  for 

swearing  head -band  electrodes  is  considered.  People  don’t  lixe  zo 
wear  head  bands.  They  don’t  care  for  electrodes  on  their  skin, 
even  our  comfortable  sponge-rubber  electrodes.  They  don’t  like 
to  be  attacked  to  any  electrical  device,  even  though  you  assiire 
them  that  the  electrodes  are  fuzed  at  .05  amp. 

We  have  conducted  some  field  tests  with  the  Portable 
Alertness  Indicator*  These,  in  general,  have  indicated  that,  if 
you  send  a  specially-trained  technician  out  with  the  equipment. 


it  will  perform  with  about  the  same  characteristics  as  the  labora¬ 
tory  model.  But  it  would  be  impossible,  at  the  present  stage  of 
development,  to  just  turn  the  device  over  to  an  untrained  person 
to  operate,  such  as  is  oossible,  for  example,  with  an  automobile 
radio. 


Blide  IV  shows  the  present  model  currently  under  test. 

It  is  roughly  2/,'*  x  S”  x  9"  and  weighs  15  pounds  including  v;et 
cell  batteries.  The  power  supply  is  obtained  from  small  wet-cells, 
with  an  estimated  life  of  around  6  hours.  It  has  a  built-in  CRO 
for  balancing  out  AC  noise.  I  hope  that  it  will  be  rugged,  reliable, 
easy  to  operate  and  easy  to  maintain. 

The  last  practical  problem  T  wish  to  raise  has  to  do  with 
alternative  ways  of  handling  the  alertness  problem  practically. 

There  are  other  available  physiological  indicators  of  the  condition 
of  the  body,  such  as  the  Cximeter,  v/hich  uses  a  photo-electric  pickup 
based  on  transmission  of  light  through  the  lobe  of  the  ear  and 
measures  the  amount  of  oxygen  in  the  blooc^  by  the  change  in  color 
of  the  blood,  electrocardiogram,  the  galvanic  skin  response  et 
cetera.  Cne  of  these,  or  a  combination  of  these  might  provide  a 
more  positive  indication.  There  is  an  old  patent  on  simple  alert¬ 
ness  monitor,  namely,  a  harness  for  positioning  a  spike  under  the 
subjects*  jaw.  C’hen  his  h.,-J  falls  down,  his  chin  is  inipa3.ed  on 
the  snike  and  he  is  alerted  very  positively! 

Drugs,  such  as  Benzedrine,  have  been  proposed  and  there 
are  good  reasons  for  adopting  this  technique,  rather  than  any  method 


reouiring  expensive  apparatus  and  special  training. 


But  th«  most  serious  practical  problem  of  all  seems  to 


"Is  protection  against  lapses  in  alertness  a  serious  enough 


problem  for  anyone  to  worry  about?"  I  confess  to  having  mixed 
feelings  on  this  issue.  I  suppose  that  this  problem  is  similar 
to  the  life  insurance  problem.  How  much  are  you  going  to  be 
v/illing  to  pay  for  protection  against  something  that  may  never 
happen^  for  which  we  have  only  the  support  of  accident  statistics, 
r.ost  of  the  time,  accident  statistics  only  tell  us  that  accidents 
happen  and  not  vrhere  to  pin  the  blame,  is  alertness  a  problem  cut 
in  the  real  world  of  human  affairs? 


